Abstract
complex matrices [12] [13] [14] [15] [16] [17] due to its selectivity and sensitivity, a substantial reduction of 69 sample treatment steps compared with other methodologies such as GC-MS(/MS), and 70 its reliable quantification and confirmation at the low concentration levels required by 71 legislation. Moreover, the demands of high sample throughput in short time frames have 72 given rise to high efficiency and fast or even ultra-fast LC methods, which are 73 becoming also very popular for the analysis of pesticides. Among the several modern 74 approaches in HPLC methods that enable the reduction of the analysis time without 75 compromising resolution and separation efficiency, UHPLC methods either using sub-76 2m totally porous particle-packed columns or partially porous core-shell columns 77 (with sub-3 m superficially porous particles) are among the most popular in the 78 analysis of pesticides [18] [19] [20] .
79
Nevertheless, due to the increased number of pesticides used worldwide and the 80 variety and complexity of food and environmental matrices, the use of ultra-fast 
103
In this manuscript, the state-of-the-art of on-line SPE methodologies for the LC-
104
MS analysis of pesticide residues in complex matrices such as food and environmental 105 water samples will be reviewed. We are aiming to give a short overview of recently 106 developed on-line SPE extraction, pre-concentration and clean-up procedures, so the 107 advantages and disadvantages of on-line SPE versus off-line SPE procedures, the most 108 frequently used SPE sorbents for the clean-up and preconcentration of pesticides, and 109 applications of on-line SPE to pesticide residue analysis will be described by means of 110 relevant application examples. 
Sorbents used for on-line SPE

217
Different types of sorbents are currently available to carry out SPE of pesticides.
218
To achieve optimal SPE extraction performances, one of the key factors is therefore the but also showed a lower ability to remove fatty acid matrix interferences. Furthermore, 234 the authors revealed that using an acetone extraction followed by a PSA clean-up, both 235 polar and non-polar pesticides present in samples at 1.0 ng/g could be recovered. Recently, magnetic or magnetically modified adsorbents materials [52] as SPE sorbents on-line Hypersil GOLD C18 column has also been showed to achieve detection limits in 274 the range of 2 to 24 ng/L for the compounds of interest by using only 1 mL of filtered 275 water sample. Good recoveries from 87 to 110% in surface as well as wastewater 276 samples were obtained whereas matrix effects observed for some compounds was lower 277 than 25% [35] .
278
Finally, it is apparent that the development of new selective materials for a given 279 application as well as of universal sorbent suitable for every purpose will continue to be 280 a major part of the scientific research and technological innovation in the field of SPE,
281
with special attention to the development of high pressure resistant sorbents able to be 282 coupled on-line with fast or even ultra-fast analytical methods (i.e., UHPLC). Recently, Sun et al. [63] proposed the use of a C18 SPE column (7.5x4.6 mm, 10 µm The authors have declared no conflict of interests. 26 Figure 5 
